Islet amyloid polypeptide is known to localize to the adult human Beta cell. We analysed the immunoreactivity for islet amyloid polypeptide in a series of 29 human fetal pancreata (9-24 weeks of gestation) with respect to age dependency and cellular localization using an antibody raised against synthetic rat islet amyloid polypeptide 12-37. Cells immunoreactive for islet amyloid polypeptide were demonstrated in low numbers from week 13 onwards while insulin positivity was already present at 9 weeks of gestation. In the age group 13-16 gestational weeks, cells positive for insulin were 20-fold more frequent than cells positive for islet amyloid polypeptide. This difference gradually disappeared with age, reaching parity in the adult gland. Double immunostaining demonstrated that all islet amyloid polypeptide immunoreactivity co-localized with insulin. Co-expression of insulin and islet amyloid polypeptide was more frequent in Beta-cell clusters ( > 10 cells) than in single Beta cells; islet amyloid polypeptide positivity was present in 58 + 9% (mean + SEM; n = 4) of fetal, 88 + 9 % (n = 3) of neonatal and 100 % (n = 3) of adult clustered Beta cells, and only 8-18 % of the single Beta cells. The results suggest that the developing fetal Beta cells, dependent on age and localization, differ in their capacity to express detectable amounts of immunoreactive islet amyloid polypeptide. Beta-cell maturation might therefore be associated with islet amyloid polypeptide expression.
Materials and methods

Tissue
Bouin or formalin-fixed, paraffin embedded tissue was obtained from the Departments of Pathology of the Academic Hospitals of the Free University of Brussels (Jette), University of Zt~rich and University of Hamburg. The material included 29 normal fetal pancreata ranging from 9-24 weeks of gestation, three normal neonatal pancreata, and three adult donor pancreata. Fetal age was determined at the time of autopsy and was usually based on crown-rump measurement.
No distinction was made between the ontogenetically different lobes of the fetal and neonatal pancreas. The material from the adult donor pancreas was derived from the pancreatic-polypeptide-poor dorsal part.
Immunoreagents
Antibodies used in these studies included: rabbit anti-rat IAPP 12-37 [8] ; mouse anti-insulin monoclonal antibody (MAB 3) (specifically directed against the B-30 amino acid residue of processed insulin; a gift from Dr. M. J. Storch, Albert-Ludwigs-Universit~t Freiburg, FRG [9] ); mouse anti-insulin, OXI-002 (Novo Biolabs, Bagsvaerd, Denmark); mouse anti-glucagon, GLU-001 (Novo Biolabs); mouse anti-somatostatin SOM-018 (Novo Biolabs); biotinylated goat anti-rabbit IgG (Vector, Burlingame, Calif., USA); biotinlated horse anti-mouse IgG (Vector); goat anti-mouse fluorescin-isothiacianate (FITC)-conjugated IgG (Nordic Immunological Laboratories, Tilburg, The Netherlands); rat anti-mouse tetramethylrhodamine isothiocyanate (TRITC)-conjugated (Jackson, Westgrowe, Pa., USA) and streptavidin biotin complex (Dako, Glostrup, Denmark). 
Immunoreactions
Deparaffinized 5 gm sections were treated with 3 % hydrogen peroxide in methanol for 30 min to block endogenous peroxidase and incubated with 10% normal goat serum (Gibco, Madison, Wis., USA) in phosphate-buffered saline (PBS) 0.8% bovine serum albumin fraction V (Sigma Chemical Co., St.Louis, Mo., USA) to block non-specific binding. Sections were processed for either single label streptavidin-biotin-complex (ABC) staining, or double label immunofluorescence.
For ABC staining, sections were incubated with either rabbit anti-IAPP 12-37 or mouse anti-insulin MAB 3 overnight at 4~
After treatment with the appropriate biotinylated second antibody, the streptavidin biotin complex and with 0.15% diaminobenzidine (Sigma), 0.3 % hydrogen peroxide, 1% dimethyl sulphoxide in PBS, the staining product was intensified with 0.1% copper sulphate in PBS and sections were counterstained with Harris haematoxylin.
For double immunofluorescence labelling, sections were incubated with rabbit anti-IAPP 12-37 overnight at 4 ~ treated with a fluorescein-labelled second antibody, fixed with 2 % paraformaldehyde, incubated with monoclonal antibodies against insulin (Novo), glucagon, or somatostatin for 3 h, treated with a rhodamine-labelled second antibody, and mounted in a Tris-buffered glycerin / poly vinyl alcohol mixture pH 9.0. The specificity of the staining reactions was tested by omitting the primary antibodies and replacing them with normal serum. In immunofiuorescent double-labelling studies each of the four primary and secondary antibodies was deleted in turn to exclude crossbinding between the various antibody layers and to exclude potential signal cross-talking caused by inadequate separation of the emission wavelengths by the filter sets used. The specificity of the primary antibody against IAPP was tested by incubating the diluted antibody for 60 min with 10 gg/ml of one of the following peptides: rat IAPP 12-37 (a gift from Dr. H. Kofod, Hagedorn Research Laboratories, Gentofte, Denmark); porcine insulin (Nordisk, Gentorte, Denmark) and human calcitonin gene related peptide (Union Chemique, Braine l'Alleud, Belgium). No immunoreactivity was found after pre-absorption with IAPP. The reactivity pattern was not affected by pre-absorption with the other tested peptides.
Quantitation
AB C-stained sections were evaluated by counting the number of immunostained cells in photographic slides of randomly chosen microscopic fields (magnification x 100; corresponding to an area of 0.077 mm2). A total of d-18 microscopic fields (mean: 12.9 + 3.0) were selected per section, depending on the size of the specimen.
The position of the selected areas over the section was randomly determined by a fixed meander pattern. The total number of immunopositive cells per section was divided by the number of fields analysed, resulting in the number of immunopositive cells per microscopic field.
Sections double-stained for the marker set insulin / IAPP were analysed by comparing two photographs, obtained in either FITC or TRITC excitation, of the same microscopic field at a final magnification of • 300. A total of5-13 microscopic fields (mean: 9.3 + 2.5) were evaluated per section, depending on the size of the specimen. The number of cells positive for IAPP was determined, and related as a percent to the number of cells per photograph positive for insulin.
Results
At 9-12 weeks of gestational age, the pancreatic tissue showed no IAPP-like immunoreactivity, but displayed insulin-positive cells (Fig. 1 a,b ; Table 1 ). IAPP immunoreactivity was first detected at 13 weeks of gestation. It was present in cells situated in the wall of ducts or scattered between acinar cells. After 14 weeks of gestation, a limited number of IAPP-positive cells was found in islet-like cell clusters (Fig. lc, d ), and at 24 weeks of gestation, the IAPP-positive cells were predominantly present in the central part of the islets (Fig. 1 e, f) . The number of IAPPpositive cells gradually increased with age from a mean of 0.8 + 0.8 cells per high power microscopic field in the age group of 13-16 gestational weeks, to 26.6 + 7.4 in the neonatal pancreas (Table 1) . When compared to the number of insulin immunoreactive cells, the lAPP-positive cells occurred at a lower frequency in the fetal and neonatal age groups, and only reached near parity with the insulin cells in the adult group. Double stainings for insulin / IAPR glucagon / IAPP and somatostatin / IAPP were performed on four selected pancreata of 19 to 24 weeks of gestational age. It was found that IAPP immunoreactivity co-localized to insulin immunoreactive cells (Fig. 2 a, b) , but that no glucagon or somatostatin immunoreactive cells were convincingly labelled (Fig. 2 c, d, e, f) .
In order to determine whether lAPP was similarly expressed in single and clustered ( > 10 adhering and insulin immunoreactive) Beta cells, the number of insulin-positive cells co-expressing IAPP-like immunoreactivity was counted on double-stained sections and expressed as a percent of the total number of insulin immunoreactive cells in either a single or clustered configuration (Table 2 ). This analysis revealed that clustered Beta cells are 8.8-fold more frequently IAPP-positive than single Beta cells in the fetal stage (19-24 weeks), and 6.6-fold more frequently positive in the neonatal stage. Single Beta cells were rare in the adult gland, but the few cells encountered were all found to co-express IAPR IAPP immunoreactive cells were always found to express insulin, indicating that in human tissue, both in the fetal, neonatal and adult stage, IAPP is a specific Beta-cell marker.
Discussion
In our series of 29 normal human fetal pancreata, IAPPlike immunoreactivity was first identified at 13 weeks of gestation. A similar result was obtained in a recent study Fig.2a-f . Immunofluorescent double-labelling for islet amyloid polypeptide (lAPP) (a) and insulin (b) in fetal human pancreas of 24 weeks gestational age (magnification x 300) identifies single insulin-positive cells that lack co-expression of IAPP (arrow). Doublelabelling 19-week-old fetal human pancreas for IAPP (c,e) and somatostatin (d) or glucagon (f) does not identify cells that are convincingly positive for both markers (magnification x 1500) by Rindi et al. [10] who also failed to detect IAPP immunoreactivity in 9-to-12-week-old pancreata but found IAPP positivity at 18 to 21 weeks of gestational age [10] . The IAPP expression at 13 weeks of gestation is considerably later than the expression of insulin which could already be detected as early as 9 weeks [10] [11] [12] . Using a double immunofluorescent labelling technique, we found that IAPP-like immunoreactivity was restricted to Beta cells, and was not demonstrable in Alpha or Delta cells.
This co-localization pattern could be found in the human fetal, neonatal as well as adult pancreas and confirms the staining pattern previously reported for the adult pancreas [3, 7] . lAPP is therefore a specific marker for human endocrine Beta cells, which is in contrast to the situation in some rodents in which IAPP is expressed in cultured islet Delta cells [13] .
In contrast to the adult pancreas where virtually all Beta cells co-expressed insulin and I A P R the fetal pan-creas was found to contain a considerable percentage of insulin-positive cells that failed to stain for IAPR These were especially identified among the single Beta cells, while the situation was reversed in Beta cells clustered in islets. The demonstration of insulin cells devoid of IAPP may possibly be explained by a different degree of granulation of these cells. As IAPP in the adult gland occurs in a 1:30 to 1:500 molar ratio with insulin [14] , and is located in the insulin secretory granules [6] , it is theoretically possible that IAPP can only be detected in insulin immunoreactive cells that contain a certain baseline amount of secretory granules. However, the similarly strong insulin immunoreactivity in single and clustered Beta cells makes this interpretation less likely. An alternative hypothesis therefore could be that the lAPP / insulin ratio may differ from cell to cell, and may also change during development. The fact that the proportion of IAPP-positive insulin cells significantly increased with gestational age and reached almost 100 % in the adult pancreas, suggests that these changes are related to the development of the endocrine pancreas in general and the Beta cells in particular.
Although not much is known about Beta-cell ontogeny, it is generally assumed that islets develop from a limited number of precursor cells, that may either be Beta cells or pluripotent stem cells [15] [16] [17] . Whether this process involves aggregation of neighbouring single Beta cells, or repeated divisions of an initially single cell is unknown. Single Beta cells are much more frequent in the fetal and neonatal stages [11, 18] , than in the adult organ. Their presence therefore may be interpreted as an early phase in fetal islet ontogeny. The absence of IAPP in most of these single Beta cells and the simultaneously strong expression of IAPP in Beta-cell clusters suggest a correlation between IAPP immunoreactivity and islet ontogeny. Thus, IAPP could be a marker for a sub-population of pancreatic Beta cells which appears at 13 weeks of gestation, increases in size with age and finally constitutes the entire Beta-cell population in adulthood. The functional significance of this sub-population is unclear, but the expression of lAPP-like immunoreactivity may possibly be a marker for an advanced stage of Beta-cell maturation.
